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The computer codes for atomic processes in hot 
dense plasmas are useful tool for the studies of x-
ray lasers (XRL) and plasma x-ray sources (XPS), 
plasma processing, development of light sources, 
and the diagnostic of laboratory and space 
plasmas. However, the atomic model of heavy 
atoms with a complex structure has not been 
established compared to simple lighter atoms such 
as C and AI. 
Although a huge number of energy levels and 
excitation and ionization processes is needed to 
model complex ions, experimental data is hardly 
available. Therefore, most of atomic data should 
be calculated theoretically by computer codes. We 
mainly use the atomic data calculated by 
HULLAC [1,2]. The HULLAC code calculates 
the atomic structure using the parametric potential 
method with the configuration interaction, and the 
collisional excitation cross section using the 
distorted wave method. This code provides a set 
of ionization and excitation rates required for 
modeling high temperature, high-Z plasmas. 
We have carried out evaluation of the atomic 
data of the Be- and He-like ion calculated by the 
HULLAC. It is found that the energy levels have 
reasonable accuracy, and most of the strong 
collisional excitation rates agreed with previous 
calculations [3] . However, disagreement is found 
in weak excitation rates such as from spin change 
processes for which the optical transition is 
forbidden. 
The model of high-Z ions usually includes 100 
to 104 energy levels and corresponding excitation 
and ionization processes. Although the model 
should be applicable to a wide range of the plasma 
temperature and density, so that many charge 
states should be included, it is not necessary to 
consider the level population for all of the charge 
states of the target ion. 
For example, in the case of the atomic model of 
x-ray lasers, the fine structure should be resolved 
for the Ni-like ion. For other N- and M-shell ions 
only the ion abundance is interested. We have 
developed an atomic model which combines the 
detailed model based on the atomic data from the 
HULLAC code, and the averaged model using the 
screened hydrogenic approximation[4,5]. We have 
developed a model including more than 20 ions 
with a total number levels < 300. We consider 100 
fine structure levels in Ni-like ions within 3dY41 
configurations to determine the soft x-ray gain. On 
the other hand, the screened hydro genic levels 
mainly distinguished by the principal quantum 
number are defined to have around 10 levels per 
ion from the Pd-like to Ar-like ions. 
The calculated gain agrees qualitatively with 
experiments on the short pulse laser pumped Ni-
like Ag soft x-ray laser [6]. However, 
quantitati vely, the calculated gain is greater than 
the experiment and the rise time is longer, which 
indicates improvement of the model of N- and M-
shell ions is needed. 
For example, the Ga-like ion has 3 electrons in 
the N-shell with 18 excited configurations 414/,41" 
below the ionization limit. If we included only one 
electron exci~ed configurations such as 4s2nl, it 
would underestimate the statistical weight in the 
excited configurations as well as the ionization 
rate through those configurations. The model will 
be improved using ST A method [6] where the 
super configuration (SC) is defined as a group of 
the configurations. Inclusion of the SC requires 
physical concerns to calculate the averaged energy 
of SC and rates between SC's. It also requires 
manipulation of the complex data structure 
originating from different approximation. 
Development of the atomic models for the 
diagnostics of the imploded core of the inertial 
fusion target, the photo ionizing plasmas in 
astrophysics studies, and other laboratory plasmas 
are in progress. Furthermore, the calculated 
atomic data and spectroscopic results will be 
compared with experiments to improve the model. 
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